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@ High-density dram structure on SOI. 

@ A high density, DRAM cell array with a very 
short channel, vertical gate transfer transistor 
that can be manufactured using conventional 
photolithography process steps. The conven- 
tional four-by-four DRAM array shown 
schematically in Figure 1a is rearranged to the 
shared-gate, double-bit array shown schemati- 
cally in Figure 1b. Trench storage capacitors 
and vertical FET transistors are arranged in 
pairs with a common vertical gate and a com- 
mon substrate, allowing both bit and substrate 
contacts to be shared by adjacent cells. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to an improved semicon- 
ductor structure forhigh-density, dynamic random ac- 
cess memory (DRAM) arrays, and more particularly, 
to a structure that can be implemented with a small 
feature size and is efficient in area utilization. 

This application is related to European patent ap- 
plication, filed on the same day, entitled "Vertical 
Gate Transistor With Low Temperature Epitaxial 
Channel" and assigned to the assignee of this appli- 
cation, and the description of which being hereinafter 
enclosed. 

Because the conventional planar capacitor cell 
cannot achieve sufficient storage capacitance, vari- 
ous three-dimensional cell structures have been pro- 
posed in the prior art for producing mega-bit DRAMs. 
Cells using trench capacitors have been proposed in 
order to maintain sufficient storage capacitance. An 
article entitled "A New Soft-Error Immune DRAM Cell 
With a Transistor On a Lateral Epitaxial Silicon Layer 
(Tole Cell)", by T. Kubota et al., IEEE Journal, 1987, 
pgs. 344-347, discloses a DRAM cell with trench ca- 
pacitors. This cell is produced by a sflicon-on-insula- 
tor fabrication technology that combines epitaxial lat- 
eral overgrowth and preferential polishing to produce 
a cell with a conventional gate structure for each cell. 

Figure 1 A is a schematic diagram of a convention- 
al four-by-four array of dynamic random access 
(DRAM) cells. 

This conventional array can be rearranged to the 
shared-gate, double-bit array shown in Figure IB. This 
latter array layout can be implemented with a vertical 
gate FET described in the aforementioned co- pend- 
ing application. It also allows both bit and substrate 
contacts to be shared by adjacent cells. In an effort 
to reduce the cost per memory cell, the state of the 
art in DRAM technology continuously seeks to in- 
crease the cell density per integrated circuit chip. This 
requires small feature size, preferably using conven- 
tional photolithography process steps, and efficient 
use of the semiconductor chip area. 

SUMMARY OF THE INVENTION 

An object of this invention is the provision of a 
high-density DRAM structure using a silicon-on-ox- 
tde wafer and conventional photolithographic process 
steps; a DRAM with a cell area on the order of three 
to four times the feature size (e.g., 1 .Sum 2 to 2.0 jim 2 
cell area with a 0.5 \vm feature size). 

Another object of the invention is a DRAM cell 
that is relatively immune to soft errors that are caused 
by alpha particle and cosmic ray irradiation. 

A further object of the invention is a DRAM struc- 
ture where both the bit and substrate contacts are 



shared by adjacent cells. 

Another object of the invention is to reduce bit-li- 
ne capacitance by using the SOI wafer to improve 
DRAM speed. Furthermore, the use of a stacked ca- 

5 pacitor in the trench, with its node plate uniquely con- 
nected to the device substrate, can greatly reduce 
trench capacitor leakage problems and result in lon- 
ger charge-retention time. 

Briefly, this invention contemplates the provision 

10 of a high density, DRAM cell array that can be man- 
ufactured using conventional photolithography proc- 
ess steps. The conventional four-by-four DRAM array 
shown schematically in Figure 1a can be rearranged 
to the shared-gate, double-bit array shown schemat- 

15 ically in Figure lb. Stacked trench storage capacitors 
and vertical FET transistors are arranged in pairs with 
a common vertical gate and a common substrate, al- 
lowing both bit and substrate contacts to be shared by 
adjacent cells. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, aspects and ad- 
vantages will be better understood from the following 
25 detailed description of a preferred embodiment of t he 
invention with reference to the drawings, in which: 

Figures 1a and 1b are schematic drawings of 
DRAM cell arrays. 

Figures 2 through 2K are sectional views of a cell 
30 in accordance with the teachings of this invention at 
various illustrative process stages. 

Figures 3 and 4 are schematic drawings of finish- 
ed DRAM cells for both cross-sectional and plan view, 
respectively. 

35 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 

Referring now to the drawings, starting with Fig- 

40 ure 2, the preferred starting point is a silicon- on-ox- 
ide wafer with an oxide layer 10, a thin silicon layer 
12 supported by a semiconductor wafer (not shown). 
In this exemplary embodiment of the invention the sil- 
icon layer 12 is n doped. A layer 16 of thermal oxide 

45 1 000 A thick is grown over the silicon surface, and a 
nitride layer 17 about 2000 A thick is deposited on the 
surface of the oxide layer. It should be noted that in 
the following Figures, some reference numerals that 
are repeated from one Figure to the next have been 

so omitted in some of the Figures subsequent to their 
first introduction for the purposes of visual clarity. 

Referring now to Figure 2A, a pattern of a trench 
used for cell capacitor is formed in a photo-resist (not 
shown) with a suitable lithography tool; the trench 

55 width is on the order of 0.8 urn (the dimension picked 
here is for an arbitrary design ground rule). The ox- 
ide/nitride layer 16, the silicon layer 12, and the oxide 
layer 10 are then etched to form openings 18, stop- 
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ping at the surface of support wafer. The resist is then 
stripped. A nitride spacer 20, about 800 A thick, is 
formed by a blanket deposited CVD nitride layer fol- 
lowed by reactive ion etching to leave only the spacer 
20 on the sidewalls. The device after this reactive ion 5 
etch step is shown in Figure 2A. 

Next, trenches 22 are etched into the support wa- 
fer to a dept h of about 0.5 urn by a reactive ion etching 
step using a CI2/O2 plasma. Here, it should be noted 
that the etch rate of silicon is greater than ten times 10 
than the etch rate of silicon oxide and silicon nitride. 
A trench with these dimensions provides a capaci- 
tance on the order of 40 fF. 

Referring now to the enlarged fragmentary draw- 
ings 28a through 2Bd. The left-hand side of one of 15 
the trench wall areas is shown in the enlarged view 
of Figure 2Ba. 

To provide a DRAM structure with an immunity to 
alpha particle radiation, and also to reduce leakage of 
storage charges, a layer of thermal oxide 24 about 20 
1500 A thick is grown on the trench sidewalls after 
they have been cleaned. The silicon layer 12 is cov- 
ered by nitride spacer 20 and is not oxidized in this 
step as shown in Figure 2Bb. 

The nitride spacer 20 is then stripped in a hot sol- 25 
ution of H3PO4. Figure 2Bc shows the trench wall at 
this step. 

Next, a layer 30 of n+ doped polysilicon is depos- 
ited, lithographically patterned, and etched to form 
the capacitor node electrode. Here it should be noted 30 
that the layer 30 is connected to the silicon layer 12, 
which will become the source layer of the completed 
FET device. In situ doped polysilicon as well as ion im- 
planted silicon can be used for layer 30. A composite 
capacitor oxidenitride-oxide layer 32 is formed using 35 
a conventional technique (about 70 A). Figure 2Bd 
shows a detail of the trench SOI area at this stage, 
and Figure 2C shows the larger structure at this same 
state. 

As can best be seen with reference to Figure 2D, 40 
the silicon layer 12 is then patterned, and etched in 
the regions indicated by the general reference numer- 
al 38, to form silicon islands upon which FET pairs are 
formed. Grow high-pressure-oxide 12A to seal the 
edge of the exposed silicon regions. 45 

The oxide layer 16 is opened in the central region 
39 between two trench capacitors where the vertical 
gate will be formed, and a layer 40 of n+ doped epi- 
taxial silicon is, preferably by a low temperature epi- 
taxial process. Alternatively, the layer 40 can be so 
formed by recrystallizing deposited in situ doped 
amorphous silicon. Also, layer 40 can be formed by a 
lateral overgrowth epitaxial process. This layer 40, 
which covers the upper surfaces and trench walls of 
the device, serves both as a substrate plate electrode 55 
for the capacitor and as a channel layer in the com- 
pleted device. The device at this state is shown in Fig- 
ure 2E and in fragmentary detail of the left corner of 



the trench capacitor in Figure 2Ea. 

Next, a CVD oxide layer 42 is deposited, pat- 
terned to open the central gate region 39, and the pat- 
terned region opened. The device at this state is 
shown in Figure 2F. A CVD layer 44 of n-type polysi- 
licon, to form the drain, is then conformally deposited 
and an oxide layer 46 is grown on its surface. The de- 
vice in this state is shown in Figure 2G. 

The oxide layer 46 is patterned, and an opening, 
indicated by the general reference numeral 48 in Fig- 
ure 2H, is etched through all the layers extending to 
the top surface of SOI burned oxide layer 10. A gate 
oxide 49 is grown as a thin oxide (about 65 A, for ex- 
ample) on the wall of the opening 48. 

A gate stack 50 including a CVD deposit of n+ 
polysilicon, filling the opening 48 and extending up 
over the oxide layer 46, a thin oxide layer grows over 
the polysilicon and a thin nitride layer 52 is formed us- 
ing conventional process steps. After gate stack ma- 
terial is attached to define the gate, the sidewalls 53 
of the exposed gate structure are oxidized by a HI- 
POX process step. The structure of the completion of 
these process steps is shown in Figure 21. An ion im- 
plant step is performed at this stage to dope the gate 
and drain polysilicon regions with arsenic. A block-out 
resist 55 is applied and patterned, to define a drain 
contact area (which in the final DRAM cell is a bit-line 
contact), followed by a ion implant to dope the sub- 
strate area with boron to reduce substrate contact re- 
sistance. This step is illustrated in Figure 2J. The re- 
sist 55 is removed and the exposed silicon walls oxi- 
dized (59) by a HIPOX step. 

Since the substrate layer is common to all the 
cells, it is not necessary to have a contact to each cell. 
It can be arranged to make one substrate contact per 
every 128 bits (for example). 

Using conventional process steps such as those 
described in more detail in the above-referenced co- 
pending application, source and substrate contact re- 
gions are formed, the structure is covered with a suit- 
able dielectric 57, openings are made in the dielectric, 
contacts are formed in the dielectric and the upper 
surface is pianarized. The completed structure is 
shown in Figure 2K. 

A cross-sectional view of a four-cell DRAM array 
is shown in Figure 3 with a shared bit contact Figure 
4 is a plan view of an exemplary layout for the cell ar- 
ray. As shown in Figure 4, the word lines, polysflicon 
gate, are running in a vertical direction while bit lines, 
mostly metal, such as CVD tungsten, run in a horizon- 
tal direction. A suitable contact line is necessary for 
only every 128 cells. The dotted line indicates a single 
cell. 



Claims 

1 . An integrated circuit cell for dynamic random ac- 
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cess memories, comprising in combination: 
a silicon-on -oxide wafer comprised of an oxide 
layer on the upper surface of an underlying sup- 
port wafer and a silicon source layer on the upper 
surface of said oxide layer, 
a capacitor trench extending through said silicon 
source layer and said oxide layer and into said un- 
derlying support wafer; 

a first capacitor plate layer formed conformally on 
the wall of said capacitor trench, said capacitor 
plate layer extending to and connected with said 
silicon source layer; 

a capacitor dielectric layer formed on said polysh 
licon capacitor plate layer; 
a silicon channel layer formed conformally over 
said capacitor dielectric layer and overlying a re- 
gion of said patterned silicon source layer, said 
silicon channel layer forming a second capacitor 
plate and as well as a channel layer; 
a polysilicon drain layer overlying said silicon 
channel layer in said region where said silicon 
channel layer overlays said silicon source layer, 
a vertical opening extending through silicon 
source layer, said silicon channel layer, and said 
polysilicon drain layer forming a wall surface in 
the region where the layers overlay one another 
with an edge in each layer respectively aligned 
vertically along said wail surface; 
a gate dielectric covering said wall surface; and 
a vertical gate in said opening in contact with said 
gate dielectric. 

2. An integrated circuit cell for dynamic random ac- 
cess memories as in claim 1 . further including an 
isolation dielectric layer formed on the wall of 
said capacitor trench. 

3. An integrated circuit cell for dynamic random ac- 
cess memories as in claim 1 , wherein said capac- 
itor dielectric layer is an oxide- nitride composite. 

4. As integrated circuit cell for dynamic random ac- 
cess memories as in claim 1 , wherein said capac- 
itor dielectric layer is an oxide. 

5. An integrated circuit cell for dynamic random ac- 
cess memories as in claim 1, wherein said gate 
dielectric is an oxide-nitride composite. 

6. An integrated circuit cell for dynamic random ac- 
cess memories as in claim 1, wherein said gate 
dielectric is an oxide. 

7. An integrated circuit cell for dynamic random ac- 
cess memories as in claim 1, further including: 
a substrate contract region in said epitaxial silicon 
layer; and 

a bit-line contact region in said polysilicon drain 



layer. 

8. An integrated circuit cell for dynamic random ac- 
cess memories as in claim 1 , wherein said silicon 

5 channel layer is a low temperature epitaxially 

grown layer. 

9. An integrated circuit cell for dynamic random ac- 
cess memories as in claim 1, wherein said silicon 

10 channel is a solid-phase recrystailized amor- 
phous silicon. 

10. A pair of integrated circuit, shared gate, cells for 
dynamic random access memories, comprising in 

is combination: 

a silicon-on- oxide wafer comprised of an oxide 
layer on the upper surface of an underlying sup- 
port wafer and a silicon source layer on the upper 
surface of said oxide layer; 

20 a pair of capacitor trenches extending through 
said silicon source layer and said oxide layer and 
into said underlying support wafer; 
a first capacitor plate layerformed conformally on 
the wall of each of said pair of said capacitor 

25 trenches over said isolation oxide, said capacitor 

plate layer extending to and connected with said 
s 9 icon source layer, 

a capacitor dielectric layerformed on said polysi- 
licon capacitor plate layer; 
30 a silicon channel layer formed conformally over 
said capacitor dielectric layer and overlying a re- 
gion of said silicon source layer, said silicon layer 
forming a second capacitor plate and a channel 
layer; 

35 a polysilicon drain layer overlying said silicon 
channel layer in said region where said silicon 
channel layer overlays said silicon source layer; 
a vertical opening extending through silicon 
source layer, said silicon channel layer, and said 

40 polysilicon drain layer forming a pair of facing 
vertical wall surfaces in the region where the lay- 
ers overlay one another with an edge in each lay- 
er respectively aligned vertically along said pair 
of facing vertical wall surfaces; 

45 said sBicon channel layer extending from one of 
said facing wall surfaces forming the channel lay- 
er and the second capacitor plate layer for one 
cell of said pair of integrated circuit cells and said 
silicon channel layer extending from the other of 

so said facing wall surfaces forming the channel lay- 
er and the second capacitor plate layer for the 
other cell of said pair of integrated circuit cells; 
a gate dielectric covering said pair of facing vert- 
ical wall surfaces; and 

55 a vertical gate in said opening in contact with said 

gate dielectric. 

11. A pair of integrated circuit, shared gate, cells for 
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dynamic random access memories as in claim 10, 
further including: 

a substrate contact region in said silicon channel 
layer common to said pair of integrated circuit 
cells; and 5 
a bit-line contact region in said polysilicon drain 
layer extending from said one of said facing wall 
surfaces. 

12. A method of forming an integrated circuit cell for 10 
dynamic random access memories, comprising 

the steps of: 

patterning a silicon source layer on a silicon-on- 
oxide wafer comprised of an oxide layer on the 
upper surface of an underlying support wafer; 15 
etching a capacitor trench that extends through 
said patterned silicon source layer and said oxide 
layer and into said underlying support wafer, 
conformally depositing a first capacitor plate lay- 
er on the wall of said capacitor trench, said first 20 
capacitor plate layer extending to and connected 
with said silicon source layer; 
forming a capacitor dielectric layer on said first 
capacitor plate layer, 

conformally forming an silicon channel layer over 25 
said capacitor dielectric layer and overlying a re- 
gion of said silicon channel layer, said silicon 
channel layer forming a second capacitor plate 
and a channel layer; 

depositing a polysilicon drain layer overlying said 30 
silicon channel layer in said region where said sil- 
icon channel layer overlays said silicon source 
layer, 

etching a vertical opening extending through sil- 
icon source layer, said silicon channel layer, and 35 
said polysilicon drain layer, said vertical opening 
forming a wall surface in the region where the 
layers overlay one another with an edge in each 
layer respectively aligned vertically along said 
wall surface; 40 
forming a gate dielectric covering said wall sur- 
face; and 

forming a vertical gate in said opening in contact 
with said gate dielectric. 

45 

13. A method of forming a pair of integrated circuit, 
shared gate, cells for dynamic random access 
memories, comprising in combination: 
patterning a silicon-on-oxide wafer comprised of 

an oxide layer on the upper surface of an under- so 
lying support wafer; 

etching a pair of capacitor trenches that extend 
through said patterned silicon source layer and 
said oxide layer and into said underlying support 
wafer, 55 
conformally depositing a first capacitor plate lay- 
er on the wall of each of said pair of said capacitor 
trenches, said first capacitor plate layer extend- 



ing to and connected with said silicon source lay- 
er; 

forming a capacitor dielectric layer on said poly- 
silicon capacitor plate layer; 
forming an silicon channel layer conformally over 
said capacitor dielectric layer and overlying a re- 
gion of said silicon source layer, said silicon chan- 
nel layer forming a second capacitor plate and a 
channel layer, 

forming a polysilicon drain layer overlying said 
silicon channel layer in said region where said sil- 
icon channel layer overlays said silicon layer 
etching a vertical opening extending through sil- 
icon source layer, said silicon channel layer, and 
said polysilicon drain layer forming a pair of fac- 
ing vertical wall surfaces in the region where the 
layers overlay one another with an edge in each 
layer respectively aligned vertically along said 
pair of facing vertical wall surfaces, said silicon 
channel layer extending from one of said facing 
wall surfaces forming the channel layer and the 
second capacitor plate layer for one cell of said 
pair of integrated circuit cells and said sftcon 
channel layer extending from the other of said 
facing wall surfaces forming the channel layer 
and the second capacitor plate layer for the other 
cell of said pair of integrated circuit ceils; 
forming a gate dielectric covering said pair of fac- 
ing vertical wall surfaces; and 
forming a vertical gate in said opening in contact 
with said gate dielectric. 
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FIG. 2Ba 
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FIG. 2Bc 
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FIG. 2C 
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FIG. 2K 




11 



EP0 579 566 A2 



FIG. 3 




FIG. 4 



WORD LINE WORD LINE 







\ 




< 


SHARI 
GATI 

/ 9 
BIT 


;d 

HAF 
CO 


ED 

MTACT 


A 


/ 


/ 

\ 






BIT LINE 


























SUBSTRATE 






i 
i 


r 








7\ 










BIT LINE 


N 








1 




/ 


/ 





















12 



